Malignant mesenchymal tumors of the spermatic cord in adults are rare (1) (2) (3) . Although malignant fibrous histiocytoma (MFH) is the most common sarcoma in adults, usually occurring in the retroperitoneum and lower extremities, MFH rarely involves the spermatic cord (4) . We recently encountered two cases of MFH involving the spermatic cord and paratesticular area. Our review of the literature revealed 33 additional cases described in English or Japanese, mostly emphasizing the clinical presentation and treatment of these tumors. Histopathologic data are incomplete in many of these cases. In this report, we describe the clinical, histopathologic and immunohistochemical features of two new cases.
MATERIALS AND METHODS
The cases were selected from the surgical pathology files of the Tarzana Regional Medical Center (Case 1) and the Santa Monica-UCLA Medical Center (Case 2) Hematoxylin and eosin-stained slides were reviewed by all authors, and paraffin blocks were selected for immunohistochemical studies. Clinical follow-up was obtained by direct communication with the primary care physicians and urologists.
Immunohistochemical evaluation was performed using formalin-fixed paraffin-embedded tissue sections, commercially available antibodies, and heatinduced epitope retrieval as described previously (5) . The source and dilution of the primary antibodies (monoclonal unless otherwise specified) were as follows: vimentin (V9, 1:100), S100 (polyclonal, 1:200), desmin (D33, 1:150), CD68 (KP-1, 1:500), CD117 (polyclonal, 1:200), lysozyme (polyclonal, 1:1000), and epithelial membrane antigen (E29, 1:50; DAKO, Carpinteria, CA); cytokeratin (a cocktail of antibodies AE1, AE3, CAM 5.2, and 35␤H11, prediluted; Ventana, Tucson, AZ); CD34 (My10, 1:30, Becton-Dickinson, San Jose, CA); smooth muscle actin (1A4, 1:8000, Sigma, St. Louis, MO), and muscle-specific actin (HHF35, 1:8000, Enzo Biochemicals, New York, NY).
Case Histories, Surgical Findings, and Follow-Up
Case 1
A 65-year-old man had a painless slow-growing mass of the right scrotum. Urologic examination revealed an enlarged right scrotum with a large multinodular mass focally adherent to the scrotum. No inguinal nodes were palpable. Ultrasonogram revealed a paratesticular mass adjacent to, but not involving the testicle. Right radical orchiectomy was performed, and the specimen revealed several multinodular firm tumor masses adjacent to and superior to the testicle. The testicle was 3 cm and not involved grossly by tumor. The largest tumor, located in the midportion of spermatic cord, was 4 cm in diameter and multinodular. The cut surface of the tumor was elastic and tan-pink with central yellow discoloration. Several smaller tumors were identified in the paratesticular tissue, including a 2-cm nodule adherent to the epididymis. The cut surfaces of these smaller tumors were gray-tan, homogenous, and firm. Surgical resection margins were free of tumor.
The patient had an uneventful recovery after surgery. At two months' follow-up, he was found to have elevated serum prostate specific antigen (PSA). Ultrasonogram revealed an enlarged prostate with rightsided nodularity. Core needle biopsies of the prostate revealed adenocarcinoma in the right lobe, in 10% of the specimen, with a Gleason score of 3ϩ4 ϭ 7, and a small focus of adenocarcinoma in the left lobe (less than 1% of the specimen). At this time, a growing mass was noticed in the right groin area near the previous excision site. Surgical exploration (3 months after the initial surgery) revealed a 6-cm ill-defined tumor morphologically consistent with recurrent MFH. Six months after the initial surgery, a lytic lesion involving the T6 vertebral body was identified. A computer-assisted tomography-guided fine needle aspiration biopsy showed high-grade malignant cells morphologically similar to the original MFH, consistent with metastasis. The patient received radiation therapy to the inguinal region and spine but developed liver and lung metastases and died shortly thereafter. Autopsy was not performed.
Case 2
A 75-year-old man presented with a right scrotal mass. An intraoperative biopsy revealed possible sarcoma, and a right radical orchiectomy was performed. The specimen was a 4.5-cm right testicle with 11 cm of attached spermatic cord and a 5 ϫ 3 ϫ 1.5-cm paratesticular mass. The mass was external to the tunica vaginalis and surrounded the vas deferens with extension to adjacent muscle, without involvement of epididymis or testicle. The cut surface of the tumor was gray-pink to tan and firm with ill-defined nodules. Surgical resection margins were free of tumor. The patient had an uneventful recovery after surgery and was clinically free of tumor at 46 months of follow-up.
Histopathologic Findings
In Case 1, the largest tumor was composed of spindle-shaped tumor cells arranged in fascicles with a storiform pattern intermixed with many short blood vessels and few inflammatory cells (Fig. 1A) . Individual tumor cells had a large nucleus, vesicular chromatin, one small distinct nucleolus, and a moderate amount of gray cytoplasm with indistinct cell borders (Fig. 1B) . Peripheral to the storiform areas was a less cellular rim of fibrotic tissue with a vague storiform pattern containing scattered large pleomorphic tumor cells (Fig. 1C) . At the edge of the tumor, areas of myxoid change and coagulative necrosis were present. Sections of the smaller tumor nodules revealed spindle cells arranged in loose fascicles intermixed with numerous inflammatory cells, including neutrophils, eosinophils, plasma cells, and small lymphocytes (Fig. 1D) . A few microabscesses and scattered rare pleomorphic tumor giant cells were identified. These findings were characteristic of highgrade pleomorphic-storiform MFH with focal myxoid and inflammatory patterns. The tumor did not involve the testicle or epididymis, and no invasion of lymphatic or vascular spaces was identified.
In Case 2, the tumor had two distinct patterns: hypercellular areas with numerous spindle-shaped tumor cells arranged in a storiform pattern with short fascicles ( Fig. 2A) and less cellular areas containing pleomorphic tumor giant cells and an inflammatory infiltrate (Fig. 2B ). In the less cellular areas, the pleomorphic tumor cells had markedly enlarged nuclei with irregular nuclear contours, granular chromatin, and abundant gray cytoplasm (Fig. 2C) . Many tumor giant cells were present, and some cells resembled Reed-Sternberg cells. The inflammatory infiltrate was predominantly small lymphocytes and plasma cells (Fig. 2D) . These features were characteristic of MFH with a high-grade pleomorphic-storiform pattern. The tumor was confined to the paratesticular area with no involvement of testicle, epididymis, or tunica vaginalis.
Immunohistochemical Findings
In both cases, the tumor cells were positive for vimentin, CD68, and lysozyme and were negative for cytokeratin, S100, desmin, smooth muscle actin, muscle-specific actin, CD34, epithelial membrane antigen, and CD117. These results are consistent with fibroblastic or histiocytic lineage. There was no support for origin from smooth or skeletal muscle, adipose tissue, melanocytes, or epithelium.
DISCUSSION
Malignant fibrous histiocytoma is one of the most common adult sarcomas and the most commonly involved sites include the lower extremities and retroperitoneum (4) . Malignant fibrous histiocytoma of the spermatic cord and paratesticular area in adults are rare. There are 17 cases described in English, and 16 cases in Japanese (6 -36) . The clinical features of most of these cases have been reviewed by Glazier et al. (34) and Mitsumori et al. (32) . Thirty-five cases, including the two new cases in this report, have a description of the histopathologic findings and are listed in Table 1 . The age at time of diagnosis ranged from 32-84 years, with most patients over 50 years (less than 40 years: 1; 40 -49 years: 6; 50 -59 years: 6; 60 -70 years: 8; more than 70 years: 14). The size of the tumors varied from small (less than 1 cm), to very large (27 cm), and most were in the 2-10-cm range (0 -2 cm: 4 tumors; 2-5 cm: 13 tumors; 5-10 cm: 11 tumors; more than 10 cm: 6 tumors; unknown: 1 tumor). Most tumors have been a localized solitary mass, although some cases had multiple satellite tumor nodules (9 cases), and rare cases had involvement of scrotal skin (2 cases).
Histopathologically, most tumors (29 cases) were of the storiform-pleomorphic type. Various numbers of tumor giant cells were noted in 25 cases, and 3 cases were classified as giant cell type. Nine cases had focal areas of myxoid change and 1 case was classified as myxoid type. The presence of moderate acute or chronic inflammation was noted in 7 cases (20%), and 2 cases were classified as inflammatory type. One case had focal osteoid formation (Case 12). One case had positive surgical resection margins. Ultrastructural studies were performed in 6 cases, with features characteristic of a fibrohistiocytic proliferation (Cases 1, 5, 6, 16, 19, and 22) .
The treatment and outcome of these patients varied. Most patients received radical orchiectomy with local wide excision (33 cases). Nine patients had surgery and local radiation or systemic chemotherapy; six had radiation and chemotherapy. One patient received only radiotherapy after biopsy (Case 25). Clinical follow-up was provided in 33 cases. Most patients were alive without recurrence with 3 months to 13 years of follow up (21 cases). Recurrence or metastasis was noted in 12 patients, and at least 4 patients died of metastatic tumor. In the patients with progressive tumors, 4 had satellite tumor nodules at time of presentation, including our Case 1. The size of the progressive tumors varied from less than 1 cm to 15 cm, not significantly different from that in the nonprogressive cases. Two patients developed prostatic adenocarcinoma during the follow-up interval; one had received radiation therapy (Case 10), and one patient did not receive treatment before dying of MFH (our Case 1).
Tumors arising from the spermatic cord and paratesticular areas are rare and are usually grouped according to their histologic differentiation into mesenchymal, epithelial, germ cell, mesothelial, and lymphoid tumors. These entities are to be excluded in establishing the diagnosis of MFH.
Lipoma and liposarcoma are the most common mesenchymal tumors of the paratesticular area and spermatic cord in adults (1, 2, 37) . Typically, multiloculated lipoblasts and areas of lipomatous differentiation can be identified in liposarcoma. In the cases we report, a few pleomorphic tumor cells had vacuolated cytoplasm resembling lipoblasts, but no distinct lipomatous areas were identified in multiple histologic sections. Dedifferentiated liposarcomas can have areas showing high grade sarcoma similar or identical to MFH (38) . In these tumors, liposarcomatous areas are also found, allowing the diagnosis to be established. In difficult cases in which lipoblasts are very rare, the cells can be identified by positive immunostaining for S100 or leptin (39) . The morphologic features of the two cases we report and the negativity for S100 exclude the diagnosis of liposarcoma.
Paratesticular rhabdomyosarcoma, leiomyosarcoma, and solitary fibrous tumor have been described in adults. These tumors have characteristic morphologic features and immunostaining profiles (40, 41) . The overall morphologic features and the absence of specific antigen expression in the cases we report exclude these diagnoses. Fibrosarcoma in the paratesticular region and spermatic cord is rare, and, in the past, many cases of MFH involving any anatomic site were categorized as fibrosarcoma. In tumors with a characteristic storiform-pleomorphic pattern, in particular if associated with morphologic or immunophenotypic evidence of histiocytic differentiation, we believe it is best to categorize these tumors as MFH, as in both our cases.
Malignant mesotheliomas involving the paratesticular area are rare. The epithelial and biphasic types of mesothelioma can be excluded by the lack of epithelial cell features and the absence of keratin immunostaining. Sarcomatous mesotheliomas can have an immunophenotype similar to MFH and may be a diagnostic challenge. In difficult cases, ultrastructural studies and additional immunostains may be helpful.
In the experience of Folpe and Weiss (1), prominent hyalinization and chronic inflammation are often seen in paratesticular MFH. The presence of an acute or chronic inflammatory infiltrate was noted in the two tumors we report and in five other tumors in the literature (20%). These changes may obscure the pleomorphic tumor cells. Thus, a careful search for the tumor cells is needed to avoid the misdiagnosis of an inflammatory process or benign fibroma. In addition, the presence of a chronic inflammatory infiltrate and scattered pleomorphic tumor giant cells, some resembling Reed-Sternberg cells, may suggest the possibilities of nonHodgkin's lymphoma and mixed cellularity Hodgkin's disease (HD). Indeed, some cases of inflammatory MFH involving other sites have been erroneously diagnosed as HD or anaplastic large cell lymphoma (4) . Careful histologic examination can usually establish the sarcomatous nature and the reactive inflammatory background in these tumors. In difficult cases, utilization of an immunostain panel can be helpful (42) . MFH is invariably negative for hematolymphoid markers.
Primary germ cell tumors of the paratesticular region and spermatic cord are most commonly dermoid cysts. Malignant germ cell tumors in these areas are usually an extension of a primary testicular lesion. These tumors usually express epithelial markers, at least focally, and have morphologic features characteristic of primitive germ cells.
The pathogenesis of MFH is unknown. The tumor cells have features suggestive of fibroblastic, myofibroblastic, and/or histiocytic origin and may have developed from the fibrous tissue of the spermatic cord and paratesticular areas, such as tunica albuginea (33) . One of the previously reported cases arose in a man who received intratesticular injection of an unknown substance in a Nazi concentration camp 40 years before developing paratesticular MFH (35) .
In summary, MFH of the spermatic cord usually occurs in middle-aged to elderly men (50 years or older) and is commonly first detected as a painless growing tumor in the scrotum. Some tumors are multinodular with satellite tumor nodules, which are more commonly associated with recurrence and progression. Most patients with MFH reported in the literature have been treated by radical orchiectomy with wide local excision (43) . The size of the tumor does not seem to affect the outcome. Recurrence and metastasis is common (36%), and the outcome for these patients is poor despite aggressive adjuvant therapy.
